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FIG. 1. Location of Mono Lake in relation to
and several undetermined filamentous forms of Cyanobacteria, including species of Oscillatoria, Spirulina, and Lyngbya. Herbst & Bradley (1989) studied the growth response of mixed species of this benthic algal assemblage to varied salinity. Mono Lake benthic algae survived and grew within the range 50-150 g/L, though organic content and growth rates were reduced within the range 100-150 g/L. This study did not, however, attempt to correlate changes in species composition with salinity, or attempt to identify the pool of species used in the experimental inoculum.
Objectives of the present paper are to (1) identify the living benthic diatom taxa represented in Mono Lake, (2) describe diatom distributions with respect to depth zonation and substrate-type associations, and (3) provide an inventory of potential algal food resources for larvae and adults of the alkali fly. This information will help to provide a baseline of data for future ecological comparisons, to establish a basis for stratigraphic comparisons to fossil diatom assemblages in and around Mono Lake, and to provide a taxonomic guide for interpreting experimental studies of salinity on algal growth.
MATERIALS AND METHODS
Samples were collected using SCUBA from sediment and rock or tufa substrates from three localities in the lake, at Lee Vining tufa grove (LVTG), Black Point tufa shoal (BPTS), and DWP boat dock (DWP). Samples were taken at LVTG on 22 August 1990 at 5-m and 10-m depths and on 4 October 1990 at 15-cm and 1-m depths. Samples were taken at BPTS on 28 August 1990 at 5-m Material was cleaned by boiling in HNO3, followed by a series of alternating rinses with distilled water, settling, and decanting to rid samples of oxidation by-products. Cleaned material was air-dried on coverglasses and mounted on microscope slides with Hyrax?. Light microscopic observations were made with a Reichart Polyvar microscope. To determine relative abundances of taxa, two counts of 500 complete valves were made from each of the 18 samples. Samples also were scanned in order to identify species not enumerated in the counts. Comments concerning relative abundances of taxa are based on the following definitions: present, found in scan of sample, not enumerated in count; rare, less than 1% relative abundance; frequent, 1-10% relative abundance; common, 11-25% relative abundance; abundant, >25% relative abundance.
For scanning electron microscopy (SEM), cleaned material was air-dried on coverglasses, which in turn were mounted on aluminum stubs. Stubs bearing the material were sputter-coated with approximately 20 nm of gold-palladium and viewed with a Hitachi S-520 microscope at operating voltages of 10-20 kV.
RESULTS
A total of 30 morphologically distinct entities of diatoms, representing 18 genera, were found in the Mono Lake samples. The genus Nitzschia was represented by the greatest number of species (5), although the genera Fragilaria and Stephanodiscus each included the second largest number of taxa (3). The centric genera Cyclotella and Aulacoseira and the pennate genera Navicula and Anomoeoneis each were represented by two species. A complete listing of the taxa found in this study is included in Table I .
With regard to taxon distribution, the largest number of taxa represented in a single sample (19) occurred in the 10-m sediment sample from DWP. The smallest number of taxa represented in a sample (5) occurred in the 1-m rock sample from BPTS and in the 15-cm rock sample from LVTG. Average relative abundances of taxa in each collection is presented in Table I .
Forty percent of the total number of diatom taxa recorded during this investigation were identified in general scans only. Five species, including Navicula crucialis, Nitzschia latens, N. monoensis, N. frustulum, and Anomoeoneis sphaerophora var. minor were dominant, together comprising 95.3-100% relative abundance in the 18 samples. Comments follow on taxonomy, morphology, and distribution of these five species, as well as an additional species of Nitzschia that occurred consistently in the samples and is new to science. Nitzschia latens is distinguished from N. elliptica Hust. on the basis of length, breadth, and valve shape. According to Hustedt (1949) , N. latens is 24-30 ,um long, 4.0-4.5 tim wide, and has slightly protracted ends with straight or nearlystraight sides. N. elliptica, on the other hand, is shorter (13-22 utm), but broader (5-6 Atm) than N. latens, and lacks protracted ends. Mono Lake samples contain specimens that resemble each of these two species, but also present are specimens that appear to form a morphological continuum between N. latens and N. elliptica. Simonsen (1987, p. 350) previously suggested a relationship between these two species. Noteworthy is the observation that smaller specimens tend to be at least as broad and sometimes broader than longer specimens. This condition was illustrated by Cholnoky (1966) Nitzschia monoensis sp. nov. (Figs. 41-51; Figs. 42, 43 (Figs. 48, 49) . Internal costa extend across the valve surface to form fibulae. Costa are broadest near the raphe and taper across the valve face (Figs. 50, 51) .
Family
Presence of fibulae and the raphe system positioned diagonally on the frustule suggest placement of this species in Nitzschia. Within the genus, it may be part of the Epithemioideae-section (sensu Krammer & Lange-Bertalot, 1988) by virtue of the shape of the valve, large number of girdle bands and habitat (Krammer & Lange-Bertalot, 1988; Servant-Vildary, 1984) . Nitzschia monoensis shares features of enlarged external distal raphe ends, lightly silicified valves and elevated raphe system with several genera considered by Paddock (1988) , but differs by possessing true fibulae. Additional systematic studies will be necessary to determine the relationship between this Mono Lake endemic species, other species of Nitzschia, and those genera that bear elevated raphe systems.
Valves of this species are not well represented in the majority of Mono Lake samples, probably attributable to dissolution of valves in the highly alkaline conditions. This species does, however, form internal, bipartite, spore-like cells that were found to comprise over 70% of the cells counted in the 10-m sediment sample from LVTG. Ornamentation of the spore-like cells may be lacking or comprised of small pits or depressions on the "valve" (Figs. 33, 34) . Costa-like striations also may be visible, but girdle bands are not known. Jones (1987) as an apparent reaction to osmotic stress (e.g., Geitler, 1927) . This diatom was found consistently in deep-water samples.
DISCUSSION
The number of diatom taxa (30) recorded during this investigation of the benthic flora of Mono Lake, although not a particularly large lake as compared to "typical" freshwater lakes, is significantly greater in terms of taxon richness than was recorded by previous investigators . Wornardt (1964, p. 2) , for example, indicated that "no diatoms were found" from Mono Lake, although the National Academy of Sciences (1987) summary listed one species, Nitzschia frustulum, as the dominant diatom taxon. Mason (1967) reported two species of Nitzschia in the plankton, and Herbst (1988) earlier reported seven diatom taxa from Mono Lake. The lower species richness of Mono Lake may be attributed to the harsh chemical environment. The extreme nature of the lake's environment also is indicated by the large number of Innenschalen-producing species present and the frequency of aberrant valves observed, these being features described for diatoms from other saline environments (Frenguelli, 1929; Miiller, 1899) .
Heterogeneity is striking with regard to relative abundances of taxa within and between sites. Although some species appear to be best represented at a particular site, depth, or substrate type (e.g., N. monoensis and A. sphaerophora var. minor are best represented at greater depths), a pattern of dominance relative to these parameters is not apparent. The dominant taxa found during this study were identified earlier from some inland waters of high salt content or, in the case of newly described taxa, are closely related to species that occur in saline environments (Frenguelli, 1929 (Hammer et al., 1983) , and playa lakes from southern California (Busch & Kubly, 1980) share some species in common with the flora of Mono Lake. The chloride-dominated Great Salt Lake (Rushforth & Felix, 1982) and Solar Lake, Sinai (Ehrlich, 1978) harbor no species in common. Presence of some endemic taxa in Mono Lake indicates that the assemblage is distinctive, yet affinities with floras of other saline lakes, particularly alkaline systems, are indicated.
Presence of species in the Mono Lake flora that are more typical of freshwater environments (e.g., Neidium iridis and Encyonema minutum) are rare and probably of allochthonous origin. The nine centric taxa recorded from the lake also were rare in the benthic samples. Whether or not the planktonic species recorded from Mono Lake are residents or imported remains enigmatic.
The diatom flora of Mono Lake apparently has changed since the late Pleistocene. Solliday (1993) reports three diatom species from late Pleistocene sediments on Paoha Island (the largest of two islands in the lake) including A. costata, Surirella utahensis (Grun.) Hanna & Grant, and Cyclotella bodanica. These species are rare or absent from the Recent benthic flora. Wornardt (1964) reported five species from Late Pleistocene sediments of the Mono Lake basin, of which A. costata is reported here. Ecological changes in the Mono Lake basin related to fluctuations in water levels and effects of these fluctuations on the biota of the basin may be traceable with diatom remains. Using the Paoha Island deposit as a late Pleistocene baseline and the current study as a description of floristic composition relative to the Recent chemical milieu indicated by available data, paleolimnological reconstruction of the lakes' history may provide clues to the timing and degree of change in the diatom flora that, in turn, may be related to climatic change and/or human disturbance.
